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Introduction

It has been well recognized that the next frontier in molecular medicine is the delivery of
therapeutics. Among the biological therapeutics, peptides/proteins are especially difficult and
challenging to deliver. A peptide sequence localized within a 13-amino acid domain of Tat
(named "penetratin"), when linked to other peptides or proteins, was able to carry attached
peptide or protein into the cells when they were added to cell culture medium (1). We
hypothesized that the unique property of penetratin can be utilized for delivery of therapeutic
peptides/proteins. It should be noted that after the funding of this Idea Award, a report
published in Science by Steven Dowdy's laboratory demonstrated that penetratin can deliver
functional P-galactosidase protein (120 kD) to all tissues in mice (2). This report indicated that
our basic hypothesis is right. However, although this report showed the high efficiency of the
pennetratin system they used, the reported pennetratin system clearly has no selectivity or
targeting ability that will limit its application for breast cancer treatment. The major goal of
our Idea proposal is to develop a new penetratin-based peptide delivery system that
specifically targets ErbB2-overexpressing breast cancer cells. We have proposed three
Specific Aims to fulfill our major goal. During the first funding year, we focused on Aiml, i.e.
to establish and optimize the penetratin delivery system for targeting. We have identified
a shortened penetratin sequence (P3) that delivers to the cytoplasmic subcellular compartment
of cells but not the nucleus. During the second funding year, we first continued to work on
Aim 1 and finished task 3. We then did not work on Aim 2 as originally planned, but focused
on Aim3, i.e. to develop penetratin-based delivery system targeting specifically ErbB2-
overexpressing breast cancer cells. We made this change because: a) after the report
published in Science by Steven Dowdy's laboratory, we realized that targeting is the most
critical issue we have to resolve to fulfill our final research goal; and b) with the fast progress
in understanding ErbB2 biology, better ErbB2 interfering peptides are emerging, we will test
other ErbB2 interfering peptides along with the proposed ESP. We had some progress delay in
our first funding year due to unexpected difficulties in labeling the peptides with FITC (please
see our progress report for the first year). In our second funding year, we suffered additional
delay from Storm Allison (activity loss of peptides stored in the freezer that was warmed-up
due to loss of power). Nevertheless, we have made substantial progress (see below). We have
achieved the goal of developing penetratin-based delivery system targeting specifically
ErbB2-overexpressing breast cancer cells. Our effort has pointed a very positive direction
for the next grant-support year, when we will test effects of various ErbB2 signal-blocking
peptides using the ErbB2-targeting penetratin delivery system.

Body

During the second funding year, we have performed the following studies:
Objective 1. To establish and optimize the penetratin delivery system.
Task 3: Systemic study of penetratin delivery system.

As shown in Figure 1 (and the previous report), Peptide3 (FITC-P3-Ala-YGRKKRRQR)
were observed predominantly in cytosol with decreased translocation ability compared to P1
and P2. Thus, P3 should give reduced non-specific binding than P1 and P2. To confirm that
the fluorescence signals of P3 are from inside the cells but not from cell membranes, we
removed the image haze using the 2-D deconvolution function (Figure 2). This confirmed that
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P3 is indeed translocated inside the cell but not stuck on the cell membrane. Compared to P 1,
(the original penetratin), P3 has attenuated translocation, which gives reduced non-specific
binding. Thus, P3 is an ideal penetratin sequence for conjugating to an ErbB2- targeting
peptide. We further tested the translocation kinetics of P3 and found that the translocation of P3
is concentration-dependent in ErbB2-overexpressing SKBr3 breast cancer cells (Figure 3). The
pattern of P3 translocation is similar among ErbB2 low expressing MDA-MB-435 cells versus
ErbB2-overexpressing BT-474 and SKBr3 cells at either higher concentrations of P3 (Figure 4)
or lower concentrations of P3 (Figure 5). This indicated that P3 itself has no targeting ability.

To investigate if the penetratin translocation is reversible, SKBr3 cells were treated with
20nM FITC-P3 for 15 min. The cells were then incubated in fresh medium without P3 for
various time intervals (0, 30, 60, or 180 min, respectively) before observation (Figure 6). The
fluorescence intensities were decreased with increased incubation time in fresh medium. The
same tendency was observed in MDA-MB-435 cells (Figure 7). Thus, P3 translocation seems
reversible.

Aim 3: To develop the penetratin-based delivery system targeting specifically ErbB2-
overexpressing breast cancer cells

The major obstacle in using the powerful penetratin delivery system in vivo is its
lack of specificity. We hypothesized that we can increase the specificity to ErbB2-
overexperssing breast cancer cells by optimizing penetratin sequence (Aim 1) and conjugating
with an ErbB2/HER2/neu binding peptide (Aim 3). We originally proposed to use the ErbB2
extra-cellular domain binding protein (ECDBP) that we identified through peptide library
screening. A recent publication identified an anti-HER2/neu peptide mimetic (AHNP) that
specifically and efficiently binds to ErbB2/HER2 (3). We, therefore, compared the binding
affinity between ECDBP and AHNP. We found that AHNP binds to ErbB2/HER2 at higher
affinity than ECDBP. Therefore, we decided to conjugate AHNP to the optimized P3 penetratin
sequence.

Tasks 7, 8: Synthesis and evaluation of AHNP-conjugated penetratin peptides.
Since we experienced difficulties labeling the P1, P2, and P3 peptides with FITC last

tear, we synthesized biotin-labeled P3-AHNP. The company, who synthesized the P1, P2, P3
peptides for us last year, had technical difficulties in synthesizing the P3-AHNP and eventually
decided to give-up. We then worked with Dr. Martin Campbell in our institution who modified
an amino acid in the AHNP and modified synthesis conditions. We were able to synthesize the
peptides. Biotin-labeled P3 without AHNP was also synthesized to serve as a control peptide.

When added to cells and detected using 2-D deconvolution microscopy, AHNP-
conjugated P3 demonstrated better translocation ability than that of P3 specifically in ErbB2-
overexpressing 435.eB cells but not in the parental ErbB2 low-expressing MDA-MB-435 cells
(Figure 8A and B). This is further shown by quantification of the average fluorescence
intensities in cytoplasmic regions (Figure 8C). Notably, the average fluorescence intensities in
nuclear regions were similarly low among all four samples. The targeting capacity of the
AHNP-conjugated P3 for ErbB2-overexpressing breast cancer cells was also confirmed in
SKBr3 cells along with 435.eB cells (Figure 9). To demonstrate P3-AHNP penetration depends
on ErbB2 expression level, we stained ErbB2 expression side-by-side with P3-AHNP penetratin
staining (Figure 10). Cells with stronger ErbB2 staining (435.eB) indeed showed stronger P3-
AHNP translocation.
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AHNP was developed based on a recombinant humanized anti-HER2 monoclonal
antibody rhuMAb4D5 (Herceptin). If the enhanced translocation in ErbB2-overexpressing cells
was due to AHNP, pre-treatment of ErbB2-overexpressing breast cancer cells with Herceptin
should compete P3-AHNP binding and reduce the binding of P3-AHNP to these cells. Indeed,
when we pretreated ErbB2-overexpressing cells with Herceptin (Figure 11), P3-AHNP
translocation were hindered in both ErbB2-overexpressing 435.eB and SKBr3 cell lines. Taken
together, these data demonstrated that we have achieved our goal of targeting P3 delivery to
ErbB2-overexpressing breast cancer cells.

Key Research Accomplishments

1. We have chemically synthesized the biotin-labeled and AHNP-conjugated Penetratin 3
peptides.

2. We have demonstrated that the P3-AHNP system has increased delivery specificity to
ErbB2-overexpressing breast cancer cells in vitro.

3. We demonstrated that as low as 2nM of P3-AHNP is enough to show efficient delivery and
specific targeting ErbB2-overexpressing breast cancer cells in vitro.

Reportable Outcomes:

-manuscripts, abstracts, presentations

We are not at the stage of writing manuscript yet. We expect that we will submit an
abstract to AACR annual meeting in 2002.

-patents and licenses applied for and/or issued

We intend to patent our findings in the future.

-degrees obtained that are supported by this award None

-development of cell lines, tissue or serum repositories None

-informatics such as databases and animal models None

-funding applied for based on work supported by this None

-employment or research opportunities applied for and/or
received on experiences/training supported by this award

30% salary of a post-doctoral fellow and 100% salary of a Graduate Research Assistant

Conclusions:
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Although we suffered additional delay from Storm Allison (loss of peptide activities), we
have made substantial progress. Mainly, we have achieved the goal of developing penetratin-
based delivery system targeting specifically ErbB2-overexpressing breast cancer cells.
Our effort has pointed a very positive direction for the next grant-support year, when we will
test effects of various ErbB2 signal-blocking peptides using the ErbB2-targeting penetratin
delivery system.

We have a request to bring to the attention of the USAMRMC. As indicated above, we
experienced difficulties labeling the peptides with FITC (please see our progress report of last
year). In our second funding year, we suffered additional delay from Storm Allison
(difficulties synthesizing peptides and loss of peptide activities). It will be very difficult for
us to finish all the proposed research by July 31, 2002. Therefore, we respectfully ask that the
USAMRMC grant us a one-year non-funded extension (i.e., without additional funds) of this
Idea award to July 31, 2003. This will allow us time to fulfill all of our major goals plus
testing additional ErbB2 interfering peptides.

References:

I1. Fawell, S., Seery, J., Daikh, Y., Moore, C., Chen, L. L., Pepinsky, B., and Barsoum, J.
Tat-mediated delivery of heterologous proteins into cells, Proc. Natl. Acad. Sci. USA.
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Please see 11 figures on the following pages.
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Legend

Figure 1
SKBr3 cells grown on sterile CultureSlides (Becton Dickinson, NJ) were incubated
with PeptideO (FITC-P3-Ala-YGKKKKKKKKK, negative control), Peptidel (FITC-
P-Ala-YGRKKRRQRRR, positive control), Peptide2 (FITC-13-Ala-
YGRKKRRQRR), and Peptide3 (FITC-P-Ala-YGRKKRRQR) respectively at 20nM
for 15 min. Cells were than fixed with 4% paraformaldehyde/PBS and washed with
PBS 20 times. In this and the following figures, samples were stained with DAPI for 5
min. These cells were photographed by Nikon ECLIPSE E400 at x400 magnification
in MetaMorph Imaging System (Universal Imaging Corporation, PA).
P 1 distributed in nuclear as well as cytoplasmic region. P2 showed similar
translocation pattern with decreased extent compared to P 1. P3 were observed
predominantly in cytosol with further decreased translocation ability.

Figure 2
SKBr3 cells were prepared as described in Figure land incubated with P0, 1, 2, and 3
respectively at 1 [IM for 15 min. The acquired images were processed in MetaMorph
using the 2D deconvolution function to remove image haze.

Figure 3
SKBr3 cells were treated with P3 at 5, 10, 20, and 30nM respectively for 15 min. The
fluorescence increased with increasing concentrations of P3.

Figure 4
MDA-MB-435, BT-474, and SKBr3 cells were prepared as described in Figure land
incubated with P3 at 20nM for 15 min. The fluorescence images showed similar
translocation patterns and extents among different cell lines.

Figure 5
Same experiment as Figure 4 with 5nM P3.

Figure 6
SKBr3 cells were incubated with 20nM P3 for 15 min. Cells were then washed with
PBS twice and incubated in fresh medium. The time points shown on the left of figure
(0', 30', 60', and 180') indicate the duration the cell had stayed in the fresh medium
before fixation and observation. The FITC signals decreased with increased duration
of fresh medium incubation.

Figure 7
Same experiment as figure 6 using MDA-MB-435 cells.

Figure 8
Two sets of MDA-MB-435 and 435-eB1 cells were incubated with 2nM of biotin-
YGRKKRRQR-AHNP (P3-AHNP) (A) or biotin-YGRKKRRQR (P3) (B) for 15 min
respectively. After PBS washing for 3 times, cells were fixed in 4% paraformaldehyde
followed by 10 times of PBS washing. Cells were then permeabilized with 0.5%
Triton X-100/PBS and washed. Samples were incubated DTAF-conjugated
Streptavidin (Jackson ImmunoResearch, PA) for 1 hr in room temperature. Two-D



deconvolution and quantification of fluorescence signals were performed on
MetaMorph Imaging System. The average intensity (integrated intensity per unit
area) in the cytoplasmic region was calculated and plotted in penal C.

Figure 9
MDA-MB-435(A), 435.eB(B), and SKBr3(C &D) cells were treated with 20nM
biotin-P3-AHNP for 15min followed by DTAF-streptavidin (green) and DAPI (blue)
treatment. A-C were processed with 2D deconvolution; penal D shows the same field
as penal C without deconvolution. P3-AHNP showed decreased translocation in
erbB2 low-expressing MDA-MB-435 cells compared to erbB2 over-expressing
435.eB and SKBr3 cells.

Figure 10
MDA-MB-435 and 435.eB cells were treated with 20nM biotin-P3-AHNP for 60 min.
After PBS washing for 3 times, cells were fixed in 4% paraformaldehyde followed by
10 times PBS washing. Cells were then permeabilized with 0.5% Triton X-100/PBS
and washed. After lhr of Ab3 (c-neu) (Oncogene Research Products, MA)
incubation, samples were incubated in Texas Red-conjugated anti-mouse IgG and
DTAF-conjugated Streptavidin (Jackson ImmunoResearch, PA) for 1 hr in room
temperature. The acquired images were processed in MetaMorph using the 2D
deconvolution function

Figure 11
435.eB (A) and SKBr3 (B) cells were incubated in 20nM of biotin-P3-AHNP for 30
min with (HCP(+)) or without (HCP(-)) 4[tg/ml (27.2KM) Herceptin pre-treatment.
In both cell lines, P3-AHNP translocation extents were attenuated with Herceptin pre-
treatment.


